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ABSTRACT 
The purpose of t h i s  s tudy  was t o  a s c e r t a i n  t h e  v a l i d i t y  of  age 
determina t ions  us ing  o t o l i t h s  of jack mackerel. The s tudy  cons is ted  
of two p a r t s :  (1) o t o l i t h s  were examined f o r  s easona l  changes i n  t h e  
hya l ine  and opaque zones a t  t h e  edges of o t o l i t h s  and (2) a dominant 
year c l a s s  w a s  followed through consecut ive  years  no t ing  marginal  
zone changes. 
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INTRODUCTION 
Jack  mackerel w e r e  r epo r t ed  i n  t h e  comnercial f i s h  c a t c h  as e a r l y  a s  
1888, bu t  were of minor commercial importance u n t i l  1947. During 1947 t h e  
indus t ry ,  a f t e r  being h i t  hard by poor s a r d i n e  l and ings ,  tu rned  t o  jack 
mackerel a s  a s u b s t i t u t e  s a r d i n e  and landed 64,524 tons  (58,658 met r i c  t o n s ) .  
Jack  mackerel have been a major c o n t r i b u t o r  t o  C a l i f o r n i a ' s  commercial 
l andings  eve r  s i n c e .  
Age composition of  t h e  resource i s  an important c r i t e r i o n  f o r  any 
populat ion dynamics s tudy .  The use of s c a l e s  and o t o l i t h s  a r e  two 
s tandard  methods f o r  determining age.  Jack  mackerel o t o l i t h s  proved s a t i s -  
f ac to ry  f o r  age de termina t ion  by examination of growth zones ( F i t c h ,  1956). 
Sca les  were no t  used s i n c e  they  were smal l  and t h e  annu l i  poor ly  def ined .  
The purpose of t h i s  s tudy  was t o  a s c e r t a i n  the v a l i d i t y  of age de ter -  
minations us ing  o t o l i t h s  of jack mackerel. The s tudy  cons i s t ed  of two 
p a r t s :  (1) o t o l i t h s  were examined f o r  seasonal  changes i n  t h e  hya l ine  and 
opaque zones a t  t h e  edges of o t o l i t h s  and (2) a dominant yea r  c l a s s  was 
followed through consecut ive  yea r s  no t ing  marginal  zone changes. 
METHODS AND MATERIALS 
Or ig in  of Samples 
Jack  mackerel landings were sampled r o u t i n e l y  dur ing  the  6 year  study 
per iod  1967 through 1972. The samples were obta ined  from purse  s e i n e r  
ca tches  made i n  t h e  Southern C a l i f o r n i a  Bight  (Figure 1 ) .  F ish  were 
measured t o  the  neares t  quarter-centimeter (2.5 mm) fork  length and ranged 
from 60 quarter-centimeters (150 nun) t o  168 quarter-centimeters (420 mm). 
The l a r g e s t  o t o l i t h s ,  t h e  s a g i t t a e ,  were used. They a r e  located j u s t  
beneath the brain and a r e  removed by making an oblique cu t  through the head. 
Each p a i r  of o t o l i t h s  was placed i n  a s i n g l e  coin  envelope l abe l l ed  with 
the sample number and date  of sampling. Each envelope had a number corre- 
sponding t o  a sample sheet  on which was recorded weight, length, sex, and 
other  b io log ica l  information concerning t h e  specimen. 
Ageing Criteria 
The o t o l i t h s  w e r e  immersed i n  114 inch water, and reading was done 
under a binocular  microscope a t  a magnification of 20X t o  determine the  
number of annul i  present .  A small  microscope lamp was used t o  illumina'te 
the  o t o l i t h s .  Marginal zones were recorded fo r  each p a i r  of o t o l i t h s .  
Ageing c r i t e r i a  were based on r e s u l t s  of s t u d i e s  of P a c i f i c  mackerel, 
Scomber japonicus, by F i t c h  (1951) and northern anchovy, EngmuZis mordux, 
by Col l ins  and S p r a t t  (1969). The annual r i n g  (annulus) i s  defined as the 
i n t e r f a c e  between an inner  hyal ine  zone and an outer  opaque zone (Fitch,  1951; 
Chugunova, 1959). Only completed r ings  were counted. Marginal zones on 
older f i s h  a r e  d i f f i c u l t  t o  de tec t  s ince  t h e  opaque zones a r e  narrower, and 
the zones tend t o  decrease i n  width with increas ing age. New growth can be 
seen on the pos te r io r  margin of o t o l i t h s  and on the  rostrum. 
RESULTS 
Seasonal Changes in Otol i th  Edges 
Material  from 1967 through 1972 was combined t o  give monthly changes 
i n  the  hyaline and opaque zones a t  the  edges of o t o l i t h s .  A t o t a l  of 
2,920 p a i r s  of o t o l i t h s  was used f o r  t h i s  study. 
The percentage of o t o l i t h s  having a hyal ine  zone a t  t h e  o t o l i t h  edge 
was p lo t t ed  fo r  each month ( ~ i g u r e  2). The hyal ine  zone began t o  form i n  
August and by December v i r t u a l l y  a l l  o t o l i t h s  had hyal ine  edges. 
The season of zone formation is not  t h e  same f o r  a l l  individuals .  
Both opaque and hyaline zones appear on t h e  o t o l i t h  edges i n  a l l  months 
s tudied (Figure 2) ;  however, i t  is evident  t h a t  only one hyal ine  and one 
opaque zone a r e  formed during the  year. 
Another ana lys i s  was made using t h e  1969 year c lass .  This year c l a s s  
was followed through t h e  f i s h e r y  f o r  a series of years. A t o t a l  of 1,178 
p a i r s  of o t o l i t h s  was used f o r  t h i s  study. 
The percentage of o t o l i t h s  having a hyaline edge was p l o t t e d  f o r  each 
month from October 1969 through Apri l  1972 (Figure 3). Ring formation can 
s t a r t  a s  e a r l y  a s  February and continues through July.  The peak hyal ine  
zone formation a t  t h e  edge of o t o l i t h s  occurs from August and is s u b s t a n t i a l l y  
complete by December. 
DISCUSSION AND CONCLUSIONS 
The importance of v a l i d i t y  s t u d i e s  t o  determine t h e  r e l i a b i l i t y  of a 
p a r t i c u l a r  method of age determinations should not be underestimated 
(May, 1965). There is a need not  only t o  e s t a b l i s h  t h e  r e l i a b i l i t y  of an 
ageing technique f o r  a p a r t i c u l a r  spec ies  and area,  but a descr ip t ion and 
i n t e r p r e t a t i o n  of zone pa t t e rns  is needed f o r  determination of ages. 
Validi ty s t u d i e s  provide c r i t e r i a  f o r  such i n t e r p r e t a t i o n  and e s t a b l i s h  
t h e  r e l i a b i l i t y  of t h e  method. 
The examination of seasonal  changes i n  appearance of the  edges of 
jack mackerel o t o l i t h s  demonstrates t h a t  each year only one hyaline and one 
opaque zone are formed. The hyal ine  zone begins t o  form i n  August, and by 
December v i r t u a l l y  a l l  the  o t o l i t h s  have hyal ine  edges. The evidence 
presented i n  t h i s  paper supports  t h e  v a l i d i t y  of age determinations based 
on formation of a s i n g l e  hyal ine  zone and opaque zone per  year i n  jack 
mackerel o t o l i t h s  from catches i n  t h e  Southern Cal i fornia  Bight area.  
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FIGURE 1 .  The Southern California Bight Comprises the Indicated Area 
Between Point Conception and Ensenada. 
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